Coronary embolism caused by the thrombus from guiding catheters is a rare and challenging complication, which may result in serious and fatal consequences due to the loss of blood flow of the coronary artery during percutaneous coronary intervention (PCI). Current strategies for the reduction of thrombus burden include pharmacological agents (typically glycoprotein IIb/IIIa platelet inhibitors), embolic protection devices (filters and distal balloon occlusion with aspiration), mechanical thrombectomy and manual or aspiration thrombectomy devices. [1] The above strategies are widely used as the first-line treatments, but have limitations for some refractory thrombus. A few techniques have been invented before to address this issue, [2] [3] [4] [5] [6] but they are not always effective or unavailable in some medical centers.  Here, we presented two cases of refractory coronary thrombus embolism originated from the guiding catheter. Large intracoronary thrombus poses a challenge during PCI. Following the failure of manual aspiration thrombectomy, the thrombus was finally removed by using a new method named "thrombus aspiration catheter-assisted twisting wire technique". Case 1. A 55-year-old male with no risk factors was admitted due to typical angina. The electrocardiogram showed ST-segment depression in V1-V4 leads, and the cardiac troponin TnI was negative. Coronary angiography revealed a severe bifurcation lesion in the proximal left anterior descending (LAD) with Medina 1.1.0 ( Figure 1A) and no significant stenosis in the left circumflex artery (LCX) and the right coronary artery (RCA). PCI was performed using a 7Fr BL3.0 guiding catheter (Terumo, Tokyo, Japan) after infusion of 100 U/kg of heparin. Three guidewires (Runthrough NS, Terumo, Tokyo, Japan) were positioned into the LAD, LCX and the first diagonal (D1). After predilation with a 2.0 mm × 20 mm semicompliant balloon (Ryujin, # Correspondence to: ly99ly@vip.163.com Terumo, Tokyo, Japan), a 3.0 mm × 29 mm sirolimus-eluting stent (Nano, Lepumedical, Beijing, China) was deployed in the proximal LAD crossing D1. However, thrombus was observed at the distal part of the stent ( Figure 1B) . After postdilatation with a 3.25 mm × 15 mm non-compliant balloon (Hiryu, Terumo, Tokyo, Japan), a large amount of thrombus was found from the proximal segment of the LAD stent to left main (LM) by intravascular ultrasound (IVUS) ( Figure 1C ). Repeat angiography showed heavy thrombus burden both in LM and proximal LAD with antegrade TIMI III flow ( Figure 1D ). After careful suction of the guiding catheter, thrombectomy was performed several times using an aspiration catheter (Thrombuster II, Terumo, Tokyo, Japan), and intracoronary administration of Glycoprotein IIb/IIIa inhibitor was initiated as well. However, no visible thrombus was detected in the aspiration catheter, and the LAD was occluded with antegrade TIMI I flow ( Figure 1E ). Therefore, a Guidezilla Catheter (Boston Scientific, Natick, USA) was advanced to the proximal LAD to aspirate the thrombus ( Figure 1F ) and the flow in LAD was partially recovered. The thrombus burden was reduced in the proximal-middle LAD, but there was still residual thrombus burden in the distal segment of LAD ( Figure 1G ). Thrombectomy by a Thrombuster II aspiration catheter was attempted repeatedly, but still failed to remove the thrombus ( Figure  1H) .
Coronary embolism caused by the thrombus from guiding catheters is a rare and challenging complication, which may result in serious and fatal consequences due to the loss of blood flow of the coronary artery during percutaneous coronary intervention (PCI). Current strategies for the reduction of thrombus burden include pharmacological agents (typically glycoprotein IIb/IIIa platelet inhibitors), embolic protection devices (filters and distal balloon occlusion with aspiration), mechanical thrombectomy and manual or aspiration thrombectomy devices. [1] The above strategies are widely used as the first-line treatments, but have limitations for some refractory thrombus. A few techniques have been invented before to address this issue, [2] [3] [4] [5] [6] but they are not always effective or unavailable in some medical centers.  Here, we presented two cases of refractory coronary thrombus embolism originated from the guiding catheter. Large intracoronary thrombus poses a challenge during PCI. Following the failure of manual aspiration thrombectomy, the thrombus was finally removed by using a new method named "thrombus aspiration catheter-assisted twisting wire technique". Case 1. A 55-year-old male with no risk factors was admitted due to typical angina. The electrocardiogram showed ST-segment depression in V1-V4 leads, and the cardiac troponin TnI was negative. Coronary angiography revealed a severe bifurcation lesion in the proximal left anterior descending (LAD) with Medina 1.1.0 ( Figure 1A ) and no significant stenosis in the left circumflex artery (LCX) and the right coronary artery (RCA). PCI was performed using a 7Fr BL3.0 guiding catheter (Terumo, Tokyo, Japan) after infusion of 100 U/kg of heparin. Three guidewires (Runthrough NS, Terumo, Tokyo, Japan) were positioned into the LAD, LCX and the first diagonal (D1). After predilation with a 2.0 mm × 20 mm semicompliant balloon (Ryujin, # Correspondence to: ly99ly@vip.163.com Terumo, Tokyo, Japan), a 3.0 mm × 29 mm sirolimus-eluting stent (Nano, Lepumedical, Beijing, China) was deployed in the proximal LAD crossing D1. However, thrombus was observed at the distal part of the stent ( Figure 1B ). After postdilatation with a 3.25 mm × 15 mm non-compliant balloon (Hiryu, Terumo, Tokyo, Japan), a large amount of thrombus was found from the proximal segment of the LAD stent to left main (LM) by intravascular ultrasound (IVUS) ( Figure 1C ). Repeat angiography showed heavy thrombus burden both in LM and proximal LAD with antegrade TIMI III flow ( Figure 1D ). After careful suction of the guiding catheter, thrombectomy was performed several times using an aspiration catheter (Thrombuster II, Terumo, Tokyo, Japan), and intracoronary administration of Glycoprotein IIb/IIIa inhibitor was initiated as well. However, no visible thrombus was detected in the aspiration catheter, and the LAD was occluded with antegrade TIMI I flow ( Figure 1E ). Therefore, a Guidezilla Catheter (Boston Scientific, Natick, USA) was advanced to the proximal LAD to aspirate the thrombus ( Figure 1F ) and the flow in LAD was partially recovered. The thrombus burden was reduced in the proximal-middle LAD, but there was still residual thrombus burden in the distal segment of LAD ( Figure 1G ). Thrombectomy by a Thrombuster II aspiration catheter was attempted repeatedly, but still failed to remove the thrombus ( Figure  1H ).
Then, the aspiration catheter was advanced over the original wire distal to the thrombus. Another shaped guidewire (Sion, Asahi, Tokyo, Japan) as demonstrated in Figure 2 was advanced to the distal LAD through the central lumen of the aspiration catheter. The aspiration catheter was then pulled back into the guiding catheter. The second guidewire was rotated continuously in one direction until it was difficult to further rotate under fluoroscopy ( Figure 1I ), and the two guidewires were twisted to form a double helix. Subsequently, the twisted guidewires entrapped the entire thrombus and then the guidewires with the thrombus were carefully withdrawn into the guiding catheter. As shown in Figure 1J , a large amount of thrombus was successfully removed. After engaging a new guiding catheter, angiography revealed the final result was satisfactory ( Figures 1K & 1L) . Demonstration of the "thrombus aspiration catheter-assisted twisting wire technique" was shown in Figure 3 . The patient was discharged after five days. No adverse events occurred during an 8-month follow-up period.
Case 2. A 60-year-old female was admitted for exertional angina. There was a severe stenosis in the distal LCX (Figure 4A) . A 7Fr BL3.0 guiding catheter (Terumo, Tokyo, Japan) was engaged, and both LCX and obtuse marginal (OM) were crossed by two guidewires. After predilation with a 2.0 mm × 20 mm balloon (Ryujin, Terumo, Japan) in the LCX and jailing a 1.5 mm × 15 mm balloon (Ryujin, Terumo, Japan) in the OM, a 2.25 mm × 23 mm (Firehawk, MicroPort Medical Co, Shanghai, China) and a 2.75 mm × 26 mm (Resolute, Minneapolis, MN, USA) drug-eluting stents were deployed in the LCX. Kissing balloon dilatation was performed with a 2.5 mm × 15 mm non-compliant balloon and a 2.0 mm × 15 mm semicompliant balloon ( Figure  4B ). Thrombus was present in LM to LCX ostium ( Figure  4C ) and unfortunately, the thrombus was pushed into LCX while performing the angiography, causing the complete occlusion of LCX ( Figure 4D ). Thrombectomy using a Thrombuster II aspiration catheter and intracoronary administration of tirofiban were ineffective. Therefore, we performed "thrombus aspiration catheter-assisted twisting wire technique" as described in Case 1 ( Figure 4E ), and the thrombus was successfully removed ( Figure 4F ). Thrombus burden was significantly reduced, but the OM ostium was still occluded ( Figure 4G ). After rewiring and kissing balloon dilatation ( Figure 4H ), TIMI III flow was achieved in the OM and only a small amount of thrombus was left in the LM to ostial LCX ( Figure 4I ). A Guidezilla Catheter (Boston Scientific, Natick, USA) was advanced to the LM for aspiration ( Figure 4J ), and the thrombus was successfully removed ( Figures 4K & 4L) . The patient was discharged after five days. No adverse events occurred during a 2-month followup period.
In previous studies, catheter-related thrombosis was considered as a rare complication of PCI, only occurred in 0.4%-0.9% of the PCI procedures. [7, 8] However, a recent study showed that the prevalence of thrombus in the guiding catheter was about 60% if detected by optical coherence tomography, which might be attributed to the use of the imaging modality for thrombus detection. The occurrence of thrombus in the guiding catheter is associated with gender, acute coronary syndrome, frequency of the second dose of heparin, total procedural time, and time lag between each dose of heparin administered. [9] In our cases, the reason for thrombus formation was not very clear. We did not measure activated coagulation time (ACT) due to the lack of equipment, but a large amount of thrombus was found by IVUS and the thrombus was pushed into coronary while performing the angiography. Furthermore, a large amount of thrombus was extracted from the guiding catheter in both cases. Thrombus formation could probably be associated with the insufficient anticoagulation. A possible explanation of this problem might be the individual variability of heparin clearance from the bloodstream. [10] This raises the importance of performing ACT during PCI, particularly in patients at higher thrombosis risks. [11] The primary treatment of coronary embolism is to recover the coronary flow as quickly as possible, and thrombectomy with manual or mechanical aspiration devices and intracoronary administration of Glycoprotein IIb/IIIa inhibitors are commonly used. [1] In addition, we reported the use of 5F child catheter for successful retrieval of coronary refractory thrombus. [12] The 5F child catheter is suitable for proximal coronary thrombus, but it is difficult to advance the catheter into the distal coronary due to the larger diameter.
In the above described cases, both the aspiration catheter and the 5F child catheter failed to reduce the thrombus burden. One main reason is that the thrombus formed in the guiding catheter is partially organized and is not easy to be extracted by conventional aspiration catheters. Moreover, the 5F child catheter could not be delivered to the distal coronary artery. To solve the problem, we invented the "thrombus aspiration catheter-assisted twisting wire technique" to remove the refractory coronary embolism in small, inaccessible vessels. The details of this method are described in Figure 2 
The underlying mechanism of this technique is to entrap the thrombus with the helix of twisted guidewires. However, there are two major differences in comparison to the original "twisting wire technique". To fully capture the partially organized thrombus, the second guidewire must be specially shaped to form a tight hinge, which is more effective than the conventional "twisting wire technique" in fixing the thrombus. Due to the special form, the second guidewire can only be advanced through the over-the-wire chamber of an aspiration catheter or a double lumen microcatheter. There are a number of advantages with this technique, such "Thrombus aspiration catheter-assisted twisting wire technique" is an effective and safe method to remove the thrombus from the guiding catheter in distal coronary arteries when conventional treatments fail. It is highly deliverable via the thrombus aspiration catheter and is quite safe with no intraprocedural or post-procedural complications. Given these promising merits, further studies are needed to assess clinical and safety outcomes of this method of thrombectomy in PCI.
